Hypoxia causes an increase in phagocytosis by macrophages in a HIF-1alpha-dependent manner.
Phagocytosis is the process by which microbial pathogens are engulfed by macrophages and neutrophils and represents the first line of defense against bacterial infection. The importance of phagocytosis for bacterial clearance is of particular relevance to systemic inflammatory diseases, which are associated with the development of hypoxia, yet the precise effects of hypoxia on phagocytosis remain largely unexplored. We now hypothesize that hypoxia inhibits phagocytosis in macrophages and sought to determine the mechanisms involved. Despite our initial prediction, hypoxia significantly increased the phagocytosis rate of particles in vitro by RAW264.7 and primary peritoneal macrophages and increased phagocytosis of labeled bacteria in vivo by hypoxic mice compared with normoxic controls. In understanding the mechanisms involved, hypoxia caused no changes in RhoA-GTPase signaling but increased the phosphorylation of p38-MAPK significantly. Inhibition of p38 reversed the effects of hypoxia on phagocytosis, suggesting a role for p38 in the hypoxic regulation of phagocytosis. Hypoxia also significantly increased the expression of hypoxia-inducible factor-1alpha (HIF-1alpha) in macrophages, which was reversed after p38 inhibition, suggesting a link between p38 activation and HIF-1alpha expression. It is striking that small interfering RNA knockdown of HIF-1alpha reversed the effects of hypoxia on phagocytosis, and overexpression of HIF-1alpha caused a surprising increase in phagocytosis compared with nontransfected controls, demonstrating a specific role for HIF-1alpha in the regulation of phagocytosis. These data indicate that hypoxia enhances phagocytosis in macrophages in a HIF-1alpha-dependent manner and shed light on an important role for HIF-1alpha in host defense.